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SUMMARY 
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Transonic wind tunnel tests have been conducted on a fin 
stabilised bomb model. The tests covered a Mach number range 

of 0.95 to 1.20 and a pitch angle range of -2° to 28° for roll 
angles between 0° and 45°. The model exhibits normal 

longitudinal stability characteristics except for pitch angles 
between 14° and 21°, roll angles greater than 15° and a Mach number 
of 0.95 where a small unstable region was observed. The 

lateral force and moments were small for pitch angles up to 

4°. At higher pitch angles and unsymmetrical roll bene 
significant lateral force and — ° 
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ABSTRACT: Transonic wind tunnel tests have been conducted on a fin stabil- 


ised bomb ° . The tests covered a Mach number range of 0.95 to 1.20 
and a pitc’. « range of -2° to 28° for roll angles between 0° and 45°. 
The model , normal longitudinal stability characteristics except 
for pitch ang’ vetween 14° and 210, roll angles greater than 15° and 


a Mach number of 0.95 where a small unstable region was observed. The 
lateral force and moments were small for pitch angles up to 4°. At 
higher pitch angles and unsymmetrical roll angles significant lateral 
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NOTATION 


(Headings used in data listings are given in brackets) 


Cx (AXIAL) 
Cy (SIDE F) 
Cy (NORMAL) 


Ci (ROLL M) 
Cm (PITCH) 
Cn (YAW M) 


Cyp (BASE) 


Cp (DRAG) 


where 


nd? 


ire ew 


i 


Axial force coefficient 
Axial force/se vs 


Side force coefficient 
side force/: » V2S 


Normal Force coefficient 
Normal force/ p V°S 


Rolling moment coefficient 
Rolling moment/; » V“Sb 


Pitching moment coefficient 
Pitching moment/?: p V°Sp 


Yawing moment coefficient 
Yawing moment/z vesb 


Base force coefficient 
(Pbase - Po) Sb/ ep V2S 


Drag coefficient corrected for 
Po acting on base 


Free stream density 
Free stream velocity 
Body cross section area 
2160.6 mm? 

Body diameter 

52.45 mm 


Base areg 

995.5 mm 

Pressure acting on base area 
Free Stream static pressure 
Pitch angle 

Roll angle 


Free stream Mach number 


Reynolds number based on b. 


Serial number 


Note: (i) The sign convention for coefficients and angles is 


shown in Fig. 1. 


(ii) The moment reference centre is on the model centreline 
124.6 mm aft of the nose. 


Petes i 


Os 
1. Introduction 


At the request of the Weapons Research and Development 
Wing of the Weapons Research Establishment a series of transonic 
wind tunnel tests were carried out on a model of a fin 
stabilised bomb. To avoid the construction of a new model for 
these tests, an existing model and strain gauge sting balance 
were supplied by W.n.Z. This model had been tested at 
subsonic speeds at Vi.R.E. and the tests reported here were 
required to investigate the longitudinal and lateral 
stability of the bomb at transonic and low supersonic speeds. 


The tests reported in this memo were conducted 
in the ARL transonic wind tunnel during December 1976. 


Ze Test Details 


2 ° 1 Model 


A dimensioned drawing of the model is presented in 
Fig.2. Boundary layer transition was fixed on the body by two 
rows of 0.12mm diameter spheres located 20mm aft of the nose. 


2.2 Wind Tunnel 


These tests were conducted in the ARL transonic wind 
tunnel. The nominal dimensions of the tunnel test section are 813mm 
high by 533mm wide. For these tests the test section walls were 
all longitudinally slotted (Fig.3) with an open area ratio at the 
model location of 10.5%. 


Mach number and dynamic pressure were derived from 
measurements of the static pressure in the plenum chamber 
surrounding the test section, and in the contraction entry, 
assuming these to be the static and total pressures of the 
test section flow respectively. 


The frontal area of the model at zero incidence was 
2252.2 mm@giving a blockage ratio of 0.52%. Because of this 
low blockage ratio no corrections for the effects of tunnel 
interference were applied. 


2.3 Test Program 

Six component force and moment coefficients were 
measured over a pitch angle range of ~20 < 8 <€ 28° in 20 
increments. Koll angle was varied in the range 0 < g ¢ 45° in 
pad increments. Due to the symmetry of the model the 
aerodynamic characteristics in the range 0< g < 360 can be 
determined from the tests in a single quadrant of g. The range 
of Mach number covered for each attitude was 0.95 <M <1.20 in 
increments of 0.05. In addition, several runs were conducted 
at zero roll angle and various pitch angles with fine increments 
in Mach number to investigate the effects of wall reflected wave 
interference. 


The variation of test Reynolds number with Mach 
number is presented in Fig.4. 


ie 
x, Results and Discussion 


Tests in slotted wall transonic wind tunnels are 
subject to interference from waves generated by the model being 
reflected back onto the model at low supersonic speeds. This 
interference covers the Mach number range from just above 1.0 
until the reflection on the bow shock moves downstream of the 
model base. For the tests reported here the Mach number range 
for wall reflection interference is estimated to be 1.00£M£1.11 
(Fig.5). The effect of this interference is illustrated in 
Fig.6. In this Figure Cm is plotted against M with small increments 
in test Mach number for 9 = 8°, 14°, and 28°. The lines drawn 
through the experimental points are considered to be the 
probable interference free results. 


A full listing of the results of the main test 

program (not including the fine M increment runs) is presented 
in Table 1. To illustrate the trends of the data some of the 
M = 0.95 and M = 1.20 results are plotted. These two Mach numbers 
were chosen so that the discussion would not be complicated by 
wall reflection interference. In Fig. 7 Cyn is plotted against 9 
for = 0°, 22.5° and 45°. It can be seen that for pitch angles 
up to about 8° $ has very little effect on CN. For larger pitch 
angles Cy is reduced as g is increased from 0° to 45°. For Cy up to 
about -1.0 ( @=8°) ¢% has little effect and the model is stable. 
For larger values of Cy the stability is reduced as $ is increased 
from 0° to 459, At M= 0.95 an unstable region appears at -1.5> 
Cy > -2.5(14°<9< 21°) as the model is rolled away from g = 09 
Although not plotted, the M = 1.00 and 1.05 results also show 
vestiges of this unstable region. In Fig. 9 Cl is plotted against 
@ for J = 0° to 45° in 7.5° increments. As would be expected for 
the two symmetrical configurations % = 0° and 45°, Cj is near zero 
over the whole pitch angle renge. For values of f% other than 0 
and 45°, Cl is near zero up to @=8°. For larger values of 9 an 
fo eee positive Cj appears. The largest Cl values occur for 

= 22.5°. 

In Fig. 10 Cy is plotted against 9 for $ = 0° to 
45° in 7.5 increments. A similar plot of Cn is presented in Fig.11. 
From Figs. 10 and 11 it can be seen that for the two symmetrical 
configurations % = 0° and 45°, Cy and C,, are small throughout the 
test pitch angle range. For values of § other than 0° and 45° 
significant Cy and Cyn values occur for 9>4°, The largest Cy 
and Cy values occur for § = 15°. 


4. Conclusion 


Transonic wind tunnel test on a fin stabilised bomb 
model supplied by WRE have been conducted. The tests covered a Mach 
number range of 0.95 <M <1.20in 0.05 increments, a pitch angle of 
-2° £9 £28° in 20 increments and a roll angle range of 
0° <$ £450 in 7.5° increments. 


The model has positive longitudinal stability over most of the 
test range. However for 149° <9 <21°, Z>7.5° and M = 0.95 
there is a small unstable region. For roll angles other than 0° 
and 45° the model exhibits significant Cy and Cn when A >4 
and significant C, when + -* For f = 0° and 45° Oy, Cy, and C} 
are small through the entire pitch angle range. 
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FIG. 1 FORCE AND MOMENT AXES SYSTEM 
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FIG. 3 DETAILS OF SLOTTED TEST SECTION 
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FIG. 4 VARIATION OF TEST REYNOLDS NUMBER WITH MACH NUMBER 
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Estimated interference free results 


FIG. 6 VARIATION OF C_ WITH M (FINE M INCREMENT RUNS) 
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